This retrospective study is based on the Helsinki Young Stroke Registry data. The registry includes all consecutive 15-to 49-year-old Background and Purpose-Poststroke infections (PSIs) worsen the outcome in acute ischemic stroke, but the effect of preceding infection (PI) is controversial. Data on young patients are scarce. We characterized PI and PSI in young adults with first-ever stroke and studied whether they are associated with 3-month and long-term outcomes, recurrent vascular events, and death. Methods-From our database of 1008 consecutive patients aged 15 to 49 years, we included in the present study those who had brain imaging done within the first 2 days from stroke onset. Outcomes were unfavorable at 3 months and during long-term follow-up, vascular events, and all-cause death. Logistic regression and Cox proportional models were used to determine associations between infections and clinical outcomes. Results-A total of 681 patients (62.3% men) fulfilled the inclusion criteria. Of these, 70 (10.3%) had PI, most commonly upper respiratory tract infection, and 103 (15.1%) had PSI, most commonly pneumonia. After adjusting for sex, age, and risk factors, both PI (odds ratio, 2.86; 95% confidence interval, 1.48-5.54) and PSI (odds ratio, 2.26; 95% confidence interval, 1.08-4.76) were independently associated with unfavorable 3-month outcome. PSI was also associated with long-term (follow-up, 7.8±4.0 years) higher risk of all-cause death. Conclusions-In young patients with ischemic stroke, both PI and PSIs are associated with unfavorable short-term outcome.
A cute infections are associated with a transient increase in the risk of vascular events, including ischemic stroke, regardless of patients' age. [1] [2] [3] [4] [5] In some studies, preceding infections (PIs) have been linked particularly to large-vessel and cardioembolic ischemic strokes. 5, 6 Also chronic infections, such as bronchial or dental infections, may have a potential to cause inflammation, to promote atherosclerosis, and to increase risk for atherothrombotic stroke. 7, 8 Reported frequency of PI varies from 5.7% to 38.8%, respiratory tract infections being the most common type. [1] [2] [3] [4] [5] Patients with PI may represent a specific patient population with stroke having different response to acute ischemic injury compared with patients without PI. This might influence clinical outcome. Two recent studies found no independent influence between PI and 3-month outcome. 9, 10 However, the latter study showed unfavorable 30-day outcome in those with PI. 10 Another stroke-related infectious phenomena are poststroke infections (PSIs) that occur during the acute phase (0-7 days after the stroke). PSIs have frequent medical complications: urinary tract infections occur in 10% to 29% and chest infections in 11.2% to 18% of the cases. [11] [12] [13] Stroke severity, treatment in intensive care unit, vomiting at stroke onset, having dysphagia, or nasogastric feeding tube make patients with stroke prone to PSI. [13] [14] [15] PSI worsens stroke outcome and is associated with increasing mortality 11, 16, 17 and risk of future vascular event after stroke. [15] [16] [17] [18] [19] Possible effect of PI or PSI on outcome in young adults with ischemic stroke is currently unknown. Young patients differ from other patients with stroke with regards to risk factors, causes, and outcome of stroke. [20] [21] [22] [23] [24] [25] Therefore, the objectives of our study were to characterize PI and PSI in young patients with first-ever stroke and to explore whether they are associated with worse 3-month outcome and longterm mortality or recurrent vascular events.
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patients with first-ever ischemic stroke diagnosed and treated in the Department of Neurology, Helsinki University Central Hospital between January 1994 and May 2007. 20 The local Ethics Committee has approved the study.
We excluded patients that were treated as outpatients only or had the index stroke when hospitalized for another reason, and those whose time of symptom onset was unknown. We further excluded patients who did not have 3-month outcome data and those having >2 days from the onset of stroke symptoms to admission (brain imaging and confirmation of diagnosis) and first laboratory testing. The 2-day limit was set to minimize patient-related recall bias with respect to PIs and decrease the probability of misclassification of infections that emerged after stroke onset as PIs. Of the 1008 patients in the registry, we excluded 189 patients who were admitted later than 2 days from the onset of stroke symptoms, 48 who had unknown stroke onset time, 43 who were treated as outpatients only, and 23 who had stroke when already inpatient for another reason. After excluding the abovementioned patients, we excluded 67 patients with no aural temperature measured and 16 with missing inflammatory laboratory data. Furthermore, 2 patients had missing 3-month outcome data, 7 patients were lost to long-term follow-up, 5 refused to participate in the follow-up, and 13 had active malignancy, all of whom were excluded. Thus, 681 patients were included, of them 20 died during the first 30 days. Median duration of hospital stay until discharge to home or to a rehabilitation unit was 10 days (interquartile range, 7-17). Mean follow-up in surviving patients was 7.8 (±4.0) years.
Definitions of Infections and Stroke Risk Factors
Preceding acute, subacute, or chronic PI was defined as any signs of clinical infection or laboratory findings suggesting infection at stroke onset or reported symptoms of any infectious disease within the 4-week period before ischemic stroke. Our institutional guidelines instruct to inquire about PIs, especially from younger patients. PSI was defined as any acute infection occurring within 7 days after the onset of stroke. Fever was defined as aural temperature ≥38.0°C. Patients with fever only but no clinical signs of infection were not regarded as PI or PSI. The same applied to treatments with antibiotics without signs of infections. Infections were divided into 7 groups: (1) severe infections, including sepsis and endocarditis; (2) chest infections (defined as respiratory crackles combined with ≥1 of the following: fever, new purulent sputum, or positive chest radiography), including pneumonia and pleuritis caused by infection; (3) upper respiratory infections, including flu-like symptoms, sinusitis, bronchitis, and otitis media; (4) genitourinary infections, including urinary tract infections (defined as clinical symptoms combined with a positive urine dipstick examination for nitrite or pyuria), pyelonephritis, and endometritis; (5) gastrointestinal infections, including gastroenteritis (defined as signs and symptoms of infection in the digestion system); (6) skin and mucous infections, including infections caused by foreign objects such as intravenousline, dermatitis, and otitis externa; and (7) chronic PI, such as parodontitis or HIV infection. Patients with infections on multiple focuses (using the above-defined groups) or patients with both PI and PSI were also counted. Viral hepatitis was not considered as PI.
Stroke risk factors were obtained from the medical records and clinical investigations during hospitalization. Hypertension (treated, or a history of hypertension as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg, or both), hypercholesterolemia (treated or total cholesterol level ≥5.0 mmol/L, low-density lipoprotein level ≥3.0 mmol/L, or high-density lipoprotein level <1.0 mmol/L), obesity (body mass index ≥30 kg/m 2 or patient clearly described as heavily obese), cardiovascular disease (prior diagnosis of coronary heart disease or myocardial infarction, heart failure [ejection fraction <55%], or peripheral arterial disease), atrial fibrillation, current smoking, and heavy alcohol use (estimated >200 g of alcohol per week consistently as reported by patient or next-of-kin) were recorded. Diabetes mellitus was defined as treated or presently diagnosed according to the 2004 World Health Organization criteria. Type 1 diabetes mellitus was distinguished from type 2 diabetes mellitus by the observance of insulin dependence within 1 year of diagnosis. 19 Patients with malignancy (diagnosed within 1 year or prior malignancy not in remission) were excluded from the present analysis.
Infection Data Collection
Study researchers (J.B., T.H., and J.P.) reviewed all medical, laboratory, and imaging records from the patients' hospital charts, reaching consensus on classification of infections when necessary. Aural temperature, inflammatory markers, such as leukocytes (reference range, 3.4-8.2×10
9 cells/L) and C-reactive protein (CRP; reference range, <5 mg/L), on admission and the maximum values during the hospital stay were collected. Patients who did not have these tests performed were excluded from the analysis. Because high-sensitive CRP measurement was not used, CRP values of <5 mg/L were transformed to 2.5 mg/L to analyze CRP as a continuous variable. Urinary cultures and blood culture results were also obtained.
Stroke Characteristics
Clinical stroke subtype was classified according to the Trial of Org 10172 in Acute Stroke Treatment criteria. 26 Stroke severity on admission was assessed by the National Institutes of Health Stroke Scale (NIHSS) and categorized as mild (0-6), moderate, [7] [8] [9] [10] [11] [12] [13] [14] or severe (≥15). All patients underwent routine brain imaging, computed tomography, or MRI on admission. All images were evaluated by neuroradiologist, and image reports were evaluated by the clinicians. Measured from the images, the size of the largest ischemic lesion was classified on the basis of documented criteria 27 with the following modifications: small, <1.5-cm lesion in the anterior or posterior circulation; medium, lesion in a cortical superficial branch of the anterior cerebral artery, middle cerebral artery, posterior cerebral artery, or in a deep branch of middle cerebral artery or posterior cerebral artery, or lesion in internal border-zone territories; large posterior, >1.5-cm lesion involving brain stem or cerebellum or involving complete territory of posterior cerebral artery together with border-zone territories; and large anterior, lesion involving complete territory of anterior cerebral artery or middle cerebral artery, or lesion involving >1 artery territory. Lesion size in patients with clinical deficit lasting >24 hours but no visible ischemic lesion in any of the brain imaging was considered small.
Outcomes
Modified Rankin Scale was used to evaluate the functional outcome after 3 months from the index stroke; unfavorable outcome was defined as modified Rankin Scale 2 to 6. The surviving patients were contacted between November 2009 and January 2010 with the means of a structured telephone interview of patients, their next-of-kin, or nursing staff. Patients who could not be reached by telephone received a follow-up letter. Complete mortality data were obtained from Statistics Finland. Long-term outcome events included in the analysis were (1) nonfatal or fatal recurrent ischemic stroke; (2) composite vascular event of any stroke (ischemic or hemorrhagic), myocardial infarction, revascularization procedure, for example, coronary artery bypass, other arterial occlusive event, or vascular death; and (3) death from any cause. Evaluation of all patient records confirmed outcome events.
Statistical Analyses
Normality of continuous variables was assessed. Chi-square and Fisher exact tests allowed comparison of categorical variables. Student t test and Mann-Whitney U test were used to compare normally and non-normally distributed continuous variables, respectively. Because some patients are likely to be hospitalized because of infections when having a stroke, we did a univariate comparison of the central characteristics between those 23 having inhospital stroke and the remaining cohort.
Binary backward stepwise logistic regression analysis using likelihood ratio test was used to identify factors associated with infections and unfavorable 3-month outcome. The model assessing 3-month outcome was adjusted for age and sex, and variables known to correlate with unfavorable outcome in this patient population in by guest on December 25, 2017 http://stroke.ahajournals.org/ Downloaded from a univariate analysis were forced in the model (dyslipidemia, heart failure, peripheral arterial disease, smoking, heavy drinking, admission NIHSS score, causes, lesion size, lesion in multiple territories). 28 Furthermore, the recorded inflammatory parameters, including highest values of body temperature, leukocyte count, and CRP, were included in the model to control for potential stroke-induced inflammatory or thermoregulatory responses. PSI was included in the model investigating the effect of PI and vice versa. Because medical treatment and the use of antibiotic prophylaxis may have become more frequent during the study period, time trends of the effect of PI or PSI on functional outcome were further assessed with χ 2 test. Kaplan-Meier log-rank test served for univariate analysis of the effect of PI and PSI on the risk for long-term end point events. Because mortality was the only long-term outcome, in which there was significant difference between the groups with or without PI and with or without PSI, only that end point was analyzed in a multivariate model. Thus, after exclusion of patients who died within 30 days from the index stroke, a Cox proportional hazard model with backward stepwise algorithm using likelihood ratio test was constructed. Age and sex and covariates known to associate with higher mortality in this patient population (dyslipidemia, smoking, hypertension, cardiovascular disease, type 1 and type 2 diabetes mellitus, heavy drinking, stroke severity, causes, and lesion size) were forced in the model. This model also included the same above-mentioned inflammatory parameters. Statistical analyses were performed using SPSS version 20 for Macintosh (IBM Corp, Armonk, NY). Two-sided significance was set at P<0.05.
Results

Preceding Infections
A total of 70 (10.3%) patients had PI during the 4-week period before the index stroke. The only risk factor more common in patients with PI was heart failure. We found no difference in stroke causes according to Trial of Org 10172 in Acute Stroke Treatment, symptom severity (NIHSS), lesion topography, or its size between those with and without PI. Patients with PI had significantly higher admission CRP values but no difference in admission leukocyte count or body temperature. The highest measured levels of CRP, leukocyte count, and body temperature during hospitalization were observed in patients with PI (Table 1) .
The most common PI subtype was upper respiratory tract infection (Table 2 ). Median duration of hospital stay was similar in patients with and without PIs (12 [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] days versus 10 [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] 
days; P=0.413).
The modified Rankin Scale distribution of patients with and without PI is shown in Figure 1 . After adjustment for demographics, risk factors, stroke severity and subtype, lesion size, presence of multiterritorial lesions, PSI, and highest levels of inflammatory parameters, PI remained independently associated with unfavorable 3-month outcome (odds ratio, 2.86; 95% confidence interval [CI], 1.48-5.54; P=0.002; Table I in the online-only Data Supplement). We found no time trend in the effect of PI and functional outcome (data not shown).
PIs had no effect on recurrent ischemic stroke (log-rank, P=0.323) or composite of vascular end points (P=0.157). After exclusion of patients who died within 30 days from the index stroke, we did not find increased risk of all-cause death in those with PI compared with those without (P=0.500).
Poststroke Infections
One or more PSIs occurred in 103 (15.1%) patients. Except for more frequent (P=0.045) migraine among subjects without PSI, clinical risk factors did not differ between the 2 groups. Patients with PSI had more severe stroke symptoms on admission (NIHSS), larger lesion size, and more often bilateral or multiterritorial lesions when compared with the patients without PSI. Large-artery atherosclerosis, high-risk cardioembolism, and carotid artery dissection were main causes of first-ever stroke in patients with PSI (Table 3) .
On admission, leukocyte count and CRP, but not body temperature, were higher in patients who developed PSI.
Regarding highest recorded values of leukocyte count, CRP, and body temperature, all were significantly higher in patients with PSI (Table 3) .
The most common PSI subtype was lower respiratory tract infections ( Table 2 ). Median duration of hospital stay was longer in patients with PSI than in those without (20 days versus 10 [7] [8] [9] [10] [11] [12] [13] [14] days; P<0.001).
The modified Rankin Scale distribution of patients with and without PSI is shown in Figure 1 . After adjustment for demographics, risk factors, stroke severity and subtype, lesion size, presence of multiterritorial lesions, and PI, patients with PSI had exhibited higher risk for unfavorable outcome when compared with those without PSI (odds ratio, 2.26; 95% CI, 1.08-4.76; P=0.031; Table I in the online-only Data Supplement). There was no time trend in the effect of PSI and functional outcome (data not shown).
As with PI, PSI had no statistically significant effect on the long-term risk of recurrent ischemic stroke (log-rank, P=0.124) or composite of vascular events (P=0.170) in our cohort. Nevertheless, patients who had PSIs continued to exhibit higher mortality during the long-term follow-up with a profound early mortality (Figure 2 ). After exclusion of those who died within 30 days and after adjusting for demographics, comorbidities known to associate with higher mortality in this patient population, stroke severity and causes, lesion size, and inflammatory parameters; hazard ratio for PSI was 2.37 (95% CI, 1.37-4.11; P=0.002; Table II in the online-only Data Supplement).
Infections in Multiple Foci and Patients With Both PI and PSI
Of those with PI, 4 patients had an infection in more than one focus without univariate effect on 3-month unfavorable outcome (odds ratio, 2.9; 95% CI, 0.30-28.16). A total of 13 patients had PSI in multiple foci that increased the probability of unfavorable outcome 5-fold (univariate odds ratio, 5.2; 95% CI, 3.07-8.80). All 16 patients with both PI and PSI (Table 4) had unfavorable 3-month outcome.
Differences Between Patients With Inhospital Stroke and the Remaining Cohort
Compared with the included cohort, the excluded patients with inhospital stroke (23 
Discussion
The main findings in our study were that among young patients with ischemic stroke, 10% had infection preceding the event, whereas 15% had a PSI. A more important fact is that both of these manifestations were independent of each other and independent of well-known robust prognostic factors associated with more than doubled risk of unfavorable 3-month outcome. Apart from heart failure as a risk factor, PI did not affect the stroke characteristics and length of hospital stay. However, our results suggest that PI increases the disability and risk of death during the first 3 months after ischemic stroke in young patients. This is contradicting the previous studies that included general stroke patients 9, 10 and also hemorrhagic strokes. 9 Frequency of PI was lower in these studies than in our study, 5.7% and 9.7%, respectively, possibly because young onset stroke carries a higher relative risk of stroke associated with infection as a triggering mechanism. 4, 29 Our findings are based on retrospective data, so they must be replicated in a prospective sample with standardized collection of history of recent infections, possibly accompanied by serology and plasma biomarkers. 30 However, the fact that PI was independently associated with adverse 3-month outcome may even now have clinical implications because detection of a recent infection in a patient with stroke may serve as one relevant selection criterion for immediate antimicrobial therapies, which are currently being tested in randomized trials, although to date results have been inconsistent. 31 The reasons why PI would lower odds for good recovery after ischemic stroke are unknown but some could be proposed. First, inflammatory processes are important factors in the cause of ischemic cerebrovascular disease, as well as in the pathophysiology of cerebral ischemia. 4, 5, 7, 8, 32 Second, the pathogenesis of atherosclerosis starts already when young, and the prevalence of atherosclerotic findings in intra-and extracranial arteries of young patients with stroke increases already at early middle age. 33 Existing intracranial atherosclerosis may hamper penumbral salvage in brain ischemia. Third, as observed in healthy children, even minor infections can cause endothelial dysfunction. 34 This effect could explain the triggering effect of infection to ischemic stroke not only on the endothelium, but also on clinical outcome. Endothelium of the arteries is also part of a neurovascular unit with neurons and supporting nerve cells that plays part in the cellular inflammation when ischemic brain injury happens. 35 It has been suggested that arterial dissection, which is a common cause of stroke in the young patients, may be caused by vessel wall inflammation triggered by PI. 36 Inflammatory agents, such as cytokines and neutrophils, cause secondary inflammation and thus induce secondary damage in the penumbral area of the stroke. 37 Taken together, existing atherosclerosis, endothelial dysfunction, and its adverse effect on penumbra and neuroregeneration might explain the negative effect on clinical prognosis after stroke in the setting of PI.
In contrast to short-term effect, PI did not affect long-term outcomes (recurrent ischemic stroke, other vascular events, or all-cause mortality) in our study. A likely explanation is that the transient nature of acute infection, most of them being banal upper respiratory tract infections, acts as a temporary risk factor for stroke and extends to have effect on short-term outcome only. 3 Compared with PI, the association between PSI and adverse outcome after stroke is based on much more solid evidence. [16] [17] [18] [19] We confirmed that young age does not protect from the deleterious effects of PSI. As in previous studies, 12-14 also in our patients, PSI was more frequent in those with more severe stroke: they had higher NIHSS scores, larger lesion sizes, and more often multiterritorial or bilateral distribution of lesions. Unlike with PI, in patients having a PSI most of the inflammatory parameters were increased: leukocyte count and CRP on admission and the highest values of leukocyte count, CRP, and body temperature. PSI also increased the long-term all-cause mortality. There were trends toward increased risk of recurrent ischemic stroke and composite of vascular events (P≤0.17). Leukocytosis during acute phase has been used as a predictor of developing PSI: ischemic stroke causes inflammation at its site and potentially increases the size of stroke lesion. Inflammation also causes peripheral immunosuppression that makes patient more vulnerable to PSI thus worsening the outcome. 38 The alteration in immunoresponse and risk of poststroke pneumonia can be predicted by recently developed, validated PANTHERIS score that takes into account the high leukocyte count (>11.0×10 9 cells/L) within 24 hours from admission and usual risk factors (such as age and size of stroke) of stroke-associated pneumonia. 39 The main limitation of our study is its retrospective nature and the extensive time period it is covering. Another limitation is that we did not use more detailed laboratory testing during the acute phase of stroke; for instance, high-sensitivity CRP and differential count of leukocytes on admission would have given more detailed information. As mentioned above, there is a need of prospective study where history of PI is carefully taken from all the patients and their next-of-kin and where plasma biomarkers are included in the protocol. The definition of PI largely depends on the history taken if symptoms of infection have resolved before stroke that carries a risk of reporting bias especially with aphasic patients and those with very severe stroke. The strengths include a fairly large wellinvestigated patient population and the long follow-up period. According to our results, it seems that the diagnosis of PI or PSI independently reflects to 3-month outcome of stroke.
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